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ABSTRACT

The role of the “antibody cofactor”
and of other heat-labile serum components
(complement) in the neutralization of the
®X 174 Dbacteriophage by means of
specific antibodies was studied. Sera of
white mice, guinea-pigs and rabbits
obtained mainly early after phage admin-
istration were investigated. The character

- of antibodies was estimated from their
sensitivity to 2-mercaptoethanol or else
by chromatography on Sephadex (-200.
Sera from the first days after the admin-
istration of the phage containing mostly
type 198 antibodies, and sera from later
periods after the administration contain-
ing mostly type 7S antibodies, were
tested. (Some evidence was also obtained
about the formation of slowly sedimenting
antibodies sensitive to 2-mercaptoethanol
in the rabbit.) With a single exception the
tested sera showed no significant decrease
of the neutralization activity after
30-mins. heating at 56° C or at 60° C and
no increase of the neutralization power
could be observed after the application
of homologous or normal mouse serum.
It is concluded that the heat-labile compon-
ents of normal sera including the com-
plement and the “antibody cofactor”
play no role in specific phage neutraliz-
ation.

It is known that the neutralization of
various viruses can by potentiated by
adding normal serum to immune anti-
serum, in particular if the antiserum has

been heated or kept for a longer time
(Alien, Finkelstein & Sulkin, 1958). It was
usually assumed that the enhancing
factor was identical with complement but
it was found here that in antisera against
influenza viruses the enhancing factor is
the so-called “antibody cofactor” which
is a serum component quite different from
complement (Styk, Kodiskovd & Hana,
1964).

It was the purpose of the present work
to find out whether the “antibody
cofactor’” or another heat-labile compon-
ent of normal and immune sera takes part
in the neutralization of the ®X 174
bacteriophage by specific antibodies. For
this reason two indicators were examined:
(1) The phage-neutralizing capacity of
unheated immune sera was compared
with those heated for 30 min. at 56 or
60° C. (2) Experiments were made to de-
termine whether an increase would occur
in the neutralizing capacity of heated
immune sera on adding unheated normal
serum. White mice, guinea-pigs and rab-
bits were used for the immunization
experiments, for testing the potentiation
of the neutralizing effect, normal mouse
serum was used as well as a serum of a
homologous animal species (guinea-pig or
rabbit). Since the antibody cofactor
exhibits its activity most pronouncedly
in the investigation of “early” anti-
influenza sera (Styk, 1962a) the anti-
phage sera from the early periods after
antigen application were mainly examin-
ed. The character of the antibodies in
these sera (19S—78) was also studied,
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especially with a view to the sensitivity
to 2-mercaptoethanol (Deutsch & Morton,
1957; Uhr & Finkelstein, 1963) and in some
cases by determining the molecular size
of antibodies by means of Sephadex
G-200 chromatography (Gelotte, Flodin &
Killander, 1962; Flodin & Killander,
1962).

MATERIALS AND METHODS

Phage. Lysate of the ®X 174 bacterio-
phage in aerated broth culture of Esche-
richia coli C was used throughout. Its
titre was 5 X 10° PFU/ml.

Immunization. Random-bred white
mice weighing about 25 g. were given
1.0 ml. phage preparation ip. The
guinea-pigs were of two types: a group of
young guinea-pigs weighing about 300 g.
were given 1.0 ml. preparation each
intracardially; a group of large adult
guinea-pigs weighing about 600 g. were
given 2.0 ml. preparation intracardially.
Rabbits weighing about 2500 g. were
given 5.0 ml. of the preparation intra-
venously; a part of the rabbit group were
given another identical dose after 5 days.
Revaccination was carried out after
44 days in the same way. In all cases an
undiluted preparation was used. Mouse
blood was obtained with a capillary from
the retro-orbital venous plexus; guinea-pig
and rabbit blood by cardiac puncture.
Mouse sera were mixed, guinea-pig and
rabbit sera were investigated individu-
ally. Before examination the sera were
kept at —50° C.

Serological investigation. Ten-fold dilu-
tions of heated or unheated immune sera
were prepared in buffered saline. For
investigating the enhancing effect of
normal sera the corresponding dilution of
heated serum was mixed with the same
volume of normal unheated serum diluted
with saline 1:10 (in some cases 1:5).
For examining the effect of 2-mercapto-
ethanol (2-ME) the compound was added
to a final concentration of 0.1M to each
corresponding dilution of immune serum.
(In the controls the corresponding volume
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of saline was added.) In all these cases
the samples after mixing were incubated for
30 min.,, in a 37°C bath. Antibody
titration took: place in the presence of
2-ME. The same procedure was used for
examining the fractions separated on
Sephadex G-200; in these cases undiluted
samples were also examined. Chromato-
graphy on Sephadex G-200 was carried
out as described earlier (Hina, Styk &
Schramek, 1963). The separation yielded
three well resolved peaks containing, in
sequence of running off the column, macro-
globulins, 7S-gamma globulins and pro-
teins resembling albumins in their size.

Determination of the neutralization titre
of serum (or fraction). One ml. serum
after appropriate treatment was mixed
with 1 ml. phage diluted to contain
200 PFU/ml. After a 60-minute incubation
at 37° C, 1 ml. of this mixture was plated
onto a Petri dish with E. coli C as indi-
cator. (For details see Adams, 1959). The
titre of the serum (fraction) was calcul-
ated from the decrease in infectivity of
the phage under the influence of the
antiserum. We proceeded from the
assumption that within certain limits the
logarithm of the surviving fraction is
proportional to serum concentration. The
antiserum titre represents the reciprocal
of the final dilution of serum in the re-
action mixture which is capable of
neutralizing 509, infectious phage partic-
les within a one-hour incubation. A similar
procedure for evaluating the titre was
used by Svehag and Mandel (1962). The
significance of titre differences was
evaluated on the basis of the number of
plaques in titration based on the tables
of the plaque test statistics (Lorenz, 1962).

RESULTS

Blood was withdrawn from all ex-
perimental animals before beginning the
immunization experiments. The serum of
none of these animals contained sub-
stances that would neutralize the ®X 174
bacteriophage. It was thus possible to
evaluate the specific response to a sub-
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sequent application of the phage to
animals as well as to use these normal
gera for enhancing the mneutralization
effect of heated antisera.

Table 1 presents the results of examin-
ing some selected sera obtained 5—12 days
after inoculation of the bacteriophage.
On comparing columns A and C it can be
seen that in no case did we observe any
significant decrease of the neutralizing
titre after heating. In the case of the
rabbit serum No. 21, which was obtained
12 days after immunization, there is a
significant difference at the 59 level
between the values before and after
heating; in all other sera the differences
are not significant. After adding normal
serum (mouse or homologous) to heated
antiserum no significant increase in the

neutralization activity was observed in
any case (cf. column C with D or E). The
differences found in some sera are not
significant at p = 5%, level.

Since a 30-min. heating at 56° C may be
insufficient for destroying the cofactor
activity in guinea-pig serum (Styk, 1962b)
some antisera were examined after heating
for 30 min. at 60°C. The result was
analogous to that in Table 1.

The antibody response in the individual
guinea-pigs varied considerably in the
height of the neutralization titre. For
example 7 days after the injection of the
antigen the antibody titres of guinea-pigs
No. 11, 12 and 13 were 1020, 88 and 450,
respectively. Irrespective of the titre no
enhancing effect of normal serum com-
ponents was found here.

Table 1. The effect of heating, 2-mercaptoethanol (2-ME) and normal serum on the neutralizing capacity
(neutralization titres) of different antisera to ®X 174.

Unheated sera Sera heated 30 mins. at 56° C
Serum No R Days .a'ft‘?r
: immunization A B C D E F
(saline) (2-ME) saline (NMS) (NHS) (2-ME)
Mouse 1 7 100 23 110 72 <5
12 110 92 92 130 31
Mouse 2 5 43 <5 40 47 <8
Guinea-pig 11 5 660 20 760 800 850 23
Guinea-pig 12 7 88 8 94 91 98 6
Rabbit 21 5 410 <5 330 310 380 < B
12 3800 200 2300 2800 3100 <50
NMS = normal mouse serum added 1 : 10
NHS = normal homologous serum added (guinea-pig or rabbit) 1 : 10

Table 2. Chromatography of immune sera obtained from rabbit No. 21 at different periods of immunization,
on Sephadex G-200. Distribution of antibodies and their sensitivity to treatment with 2-ME
(neutralization titres)

Days after Original serum 198** To**
immunization untreated 2-ME untreated l 3-ME untreated 2-ME
5 410 0 84 0.7 1.5 1.0
12 3800 200 590 5 60 22
28 2900 2900 120 5 110 100
5 — rev.* 22000 12000 350 12 2400 720

* Serum obtained 5 days after revaccination carried out 44 days after first administration of the phage.
** Fraction from the top of the first (macroglobulin) or second (7S-gamma-globulin) peak after chromato-
graphy on Sephadex G-200.
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Another negative result was obtained
in the experiments aimed at showing the
possible role of heat-labile serum compon-
ents by following the kinetics of the phage
neutralization. No significant difference
was found to exist between the inactiv-
ation constants of (a) native, (b) heated
and (c¢) heated plus fresh normal serum
added.

The heat-labile components played no
role when comparing heated and unheated
fractions obtained after separation of
antisera on Sephadex G-200. Thus, for
example, the titre of the top fraction
from the macroglobulin peak obtained
after chromatography of early rabbit
antiserum No. 21 (taken 5 days after
immunization) did not decrease at all.
As may be seen from Table 2 the serum
contained practically exclusively anti-
bodies of the 19S type distributed after
chromatography on Sephadex G-200 in
the macroglobulin peak. The further
course of formation of 198 and 7S anti-
bodies in rabbit No. 21 is shown in Table 2,
(Table 2 shows only unheated sera or
samples after chromatography).

Attention should be paid to the decrease
of the titre following application of
2-mercaptoethanol in fractions from the
7S-gamma-globulin peak found 12 days
after primoimmunization and 5 days after
revaccination. In the former serum the

504 12 days after immunization

195 7S

Absorbancy(25374) %
8o

Sdays after revaccination

0
mi

Fig. 1. Separation of proteins of two immune rabbit
gerg anti ®X 174 on Sephadex G-200. Fractions
are shown in which the content of antibodies and
their sensitivity to 2-ME was studied (cf. Table 2).
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decrease of the titre after application of
2-ME is significant at the 59, probability
level; in the latter the decrease of the
titre lies at the border of 59, probability.
Separation of proteins from these two
sera on Sephadex G-200 is represented
in Fig. 1 which also shows fractions taken
for determination of antibody titre and of
sensitivity toward 2-ME. In every case
we were dealing here with a mixture
from two tubes belonging to the same peak.
Similarly in another rabbit to whom two

-phage doses were administered at a 5-day

interval the 7S-gamma-globulin peak
(from serum 5 days after the 2nd injec-
tion) was found to contain antibodies
sensitive to 2-ME: their titre decreased
after applying 2-ME from more than 132
to 56 which is significant at the 19 level
of probability.

DISCUSSION

Three species of experimental animals
were used for the experiments: white mice,
rabbits and guinea-pigs. White mice were
chosen as a species in which the effect
of the serum cofactor to anti-in-
fluenza antibodies is most striking;
rabbits serve as one of the most common
objects of immunological studies; guinea-
-pigs because they contain the highest
level of the complement or of complement
components. In the last-named case we
could partly proceed from the findings of
Uhr and Finkelstein (1963) who described
the formation of rapidly and slowly
sedimenting antibodies  against  the
®X 174 phage in guinea-pigs; however,
the authors did not study the possible
effect of heat-labile serum components
on the neutralizing capacity of the anti-
serum.

In none of the antisera tested in our
experiments did we find any substantial
decrease of the neutralizing -capacity
after heating or an increase of this capa-
city after adding normal mouse or
homologous serum. This holds both for
sera obtained during the first days after
administration of the antigen where an
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enhancing effect of fresh serum would be
most expected and for sera withdrawn
later during antibody formation. Un-
equivocal evidence was thus obtained
that neither the “antibody cofactor’ nor
the complement system or another heat-
labile component play a role in the
neutralization of the ®X 174 bacterio-
phage by specific antibodies.

It was not the aim of present work to
investigate in any detail the character of
the antibody response toward the ®X 174
bacteriophage with regard to the form-
ation of rapidly and slowly sedimenting
antibodies. In this connection inform-
ation is available from experiments with
guinea-pigs (Uhr & Finkelstein, 1963)
which, at the same time, points to the
considerable variability of individual
animals. These authors confirmed that,
as in human serum macroglobulins
(Deutsch & Morton, 1957), the rapidly
sedimenting guinea-pig molecules of
antibodies againgt ®X 174 are depolymer-
ized by 0.1 M 2-mercaptoethanol which is
accompanied by a complete loss of anti-
body activity; on the other hand, the
slowly sedimenting molecules of anti-
bodies do not lose their activity after such
treatment. Uhr and Finkelstein (1963} use
sensitivity to 2-ME as the only eriterion
for classifying antibody molecules as
rapidly or slowly sedimenting and
designate them as 19S and 7S, respect-
ively.

If this procedure is used for evaluating
the sera examined here it can be seen
immediately that Table 1 contains mainly
sera with a predominance of 19S5 anti-
bodies which is more or less pronounced.
A greater content of 7S antibodies is found
only in the mouse serum No. 1 obtained
12 days after antigen application. At the
same time, the sensitivity to 2-ME is
markedly increased in heated antisera. It
must be borne in mind, however, that in
two cases shown in Table 2 as well as in
another rabbit serum sensitivity to 2-ME
was exhibited even by antibodies contained
in fractions from the second peak contain-
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ing 7S-gamma-globulins. It is unlikely that
we could be dealing here with an unsatis-
factory separation of the 19S antibodies
sensitive to 2-ME from the 7S antibodies.
This is contradicted by curves of chrom-
atographic fractionation of the above-
mentioned sera indicating a fine resolution
of proteins in the first and second peaks.
We should rather consider the possibility
that even in rabbits, slowly sedimenting
antibodies sensitive to 2-ME can be
formed as were found in sera of non-
mammalian vertebrates (Uhr, Finkel-
stein & Franklin, 1962; Grey, 1963, and
elsewhere) as well as their possible
existence in mice as pointed out recently
by Berlin (1963).
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POJIb HECIEQUONYECRUX
CBIBOPOTOUYHBIX ®AKTOPOB
INPU PEARIINY OBPA3OBAHUA

AHTUTEJI IIPOTUB BARTEPIO®MATA
DX 174

B. Cmuxk, A. Basada, JI. I'ana

WNsywamace BO3MORHAA polb «KOodak-
TOopa aHTATEI», a TakiKe IPYTHUX TepMoia-
OHABHEIX CHBIBODOTOYHHIX ~KOMOOHEHTOB
(koMIileMenT), mpu HefiTpamusanum Bax-
Tepuopara ®X174 conenmpudeckmMu aHTH-
Tesiamu. Mccsenosamuck chBOpOTEE Ge-
JIBIX MBlMe#d, MOPCKUX CBHHOK M KPOJH-
KOB, IOJydYeHHEE, I'TaBHHM oOpa3oM, Ha
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PaHHHX CpOKax mocJe BBeleHHA (ara.
XapakTep aHTHTeXI OuUpelessiad Ho IYB-
CTBUTEJIBHOCTH K 2-MepKANTOSTAHONY, a
HHOTHA TaKiKe ¢ IOMOIIBI0 XPOMaTorpaguu
Ha Sephadex G-200. TecTrpoBasmCch CHBO-
POTKH, HOJydYeHHHE B MePBble THM IOCIe
HpEMeHeHHS (ara, OPeEMYINeCTBeHHO €O-
mep:kaBmme anTATena thma 195, m CEBO-
POTKH, HOoNy4YeHHble B 0ojiee MO3THEM Ie-
puox, ¢ Oojiee 3HAYATENBHEIM COHeprKa-
HEeM aHTHTen 7S. (BBAM momydeHH TaK-
JKe CBeJIleHMsI OTHOCHTeJBHO 0Opa3oBaHHA
ME[UIGHHO OCa’KNAOMUXCsA aHTHTeN, JYB-
CTBUTEJIBHEIX K 2-MePKAILTOTAHOIY, Y KPO-
nuKa.) 3a OJHEM HCKIIIOYeHHEM, B HCCJIe-
TyeMBIX CHIBOPOTKAaX He HaGNIOfanoch HE
JOCTOBEPHOTO0 LOHUIKEHHS ~AKTHBHOCTH
Helitpanusanma mocsie wx 30-MHHYTHOTO
nporpesanns upn 56° C wnzm 60° C, um
MOTeHNUMPOBAHUA HeHTpa/IM3aluyM MOCIe
npubaBieHAS TOMOJNOIHWYHON (MaM MBIH-
Ho#T) chBopoTHA. — [lemaeTcst BEIBOX, 9TO
TepMOJIAOUIbEEE KOMIOHEHTH HOPMAIb-
HBIX CHBODOTOK, BKJIIOY9ad KOMILIEMEHT
# «Ko)aKTOp aHTHTeI», He HTPAIOT POJIH
B cHenumdeckod HeliTpanmsanmm dara.



